Rapidly growing aerobic organisms can deplete oxygen in the nutrient medium even when culture vessels are open to the air. Agitation is beneficial under these conditions because it tends to expose more liquid to the air, and because the mixing tends to make conditions more homogeneous throughout the volume of the medium. Rotary and reciprocating shakers are capable of high rates of aeration when used with baffled Erlenmeyer and Fernbach flasks. However, the standard reciprocating or rotary shakers are not adapted to aerating test tube cultures.
Aeration by rolling has been used previously for tightly stoppered cultures of animal cells (White, 1954) . A typical application of the roller tube method makes use of standard 16-by 150-mm test tubes. These are charged with a small quantity of liquid nutrient, then placed in a drum revolved about its longitudinal axis. The axis of revolution is inclined slightly from the horizontal so that the liquid which covers the lower side of the tube wets it about halfway or two thirds of the distance to the stopper. The drum turns from six to as high as 3000 revolutions per hr, depending on whether it is desired that the cells grow on the surface of the glass or in suspension in the liquid medium (Paul, 1959) . In a somewhat different way Monod (1950) has used the principle of rolling to supply aeration in a continuous flow device called the "Bactogen." A significant difference between the Bactogen and the roller tube system is that in the Bactogen the culture vessel revolves about its own axis at approximately 400 rpm, a speed much higher than that of the roller drum. In both devices aeration is accomplished through the mechanical action which spreads the liquid over the inner surface of the culture vessel. was desirable. The mechanism and procedure described here secured a satisfactory aeration rate, prevented contamination of cultures, and simplified growth measurements. The procedure made it possible to follow the whole growth cycle without removing the cultures from the test tubes.
DESCRIPTION OF ROLLER AERATOR This machine is similar in operating principles to the standard roller tube drum (White, 1954, page 117) . The culture vessels are supported by a rotating cage or drum with their long axes parallel to the axis of rotation, which is inclined sufficiently from the horizontal to retain the liquid within the culture vessel. The drive shaft, turning generally less than 60 rpm, rotates the cage about its axis, causing the culture vessels to orbit about the drive shaft. Since the rotational speed is slow, centrifugal force is negligible, and the liquid remains on the lower side of the culture vessels. The turning motion wets the inner surface of the vessels, exposing a large surface of liquid to the air. The machine consists of a power source, capable of providing a range of rotational speeds, coupled to a drive shaft within the incubator. The drive shaft is supported by bearings which allow adjustment to maintain the shaft at the proper inclination. Two detachable testtube baskets and an adjustable rack for larger vessels are supported by the shaft (see figure 1) .
External drive. Power is provided by a 20:1 worm gear reducer, V-belt driven at 860 rpm by a 1725 rpm electric motor. A stub shaft, supported by the incubator wall, is belted to the driving end of the reducer. Through a combination of pulleys at the driving end of the reducer and the stub shaft a range of speeds from 6.3 to 76 rpm was obtained.
Drive shaft. The 2-in. drive shaft inside the incubator is powered through a universal joint by the stub shaft through the incubator wall. A self-aligning, figure 2 ).
METHODS
The efficacy of the roller aerator was determined iodometrically by measuring the oxidation of sodium sulfite solution catalyzed by copper sulfate (Cooper et al., 1944) . All test tube runs were made with 5 ml sodium sulfite solution in the tubes, with the slope adjusted so that the tube wall was wet to within 1.5 cm of the mouth. Oxygen absorption rate was computed as ml of oxygen per 100 ml liquid per hr. I Chain and Gualandi (1954) . § Corman et al. (1957) . 
10PERIFORMANCE OF ROLLER AGITATORS
Growth of yeast on the roller. Table 5 indicates the growth characteristics of Torulopsis utilis in rolled vessels. Average cell division time (the time required for doubling of cell mass during the period of logarithmic growth) was lowest with glucose as an energy source, high with butyric acid, and intermediate with acetic, formic, and lactic acids. There was, in addition, a tendency for cell division time to decrease after several passages through Wickerham's medium and the same energy source. Yield in g yeast per g of energy source was measured in one-gallon bottles with 100 ml of growth medium. Yield remained constant, or practically so (32 to 36 per cent), over the 10-fold conceintration ranige of acetic acid which was tested.
DIscussION AND CONCLUSIONS The apparent independence of oxygen absorption rate and speed of agitation is contrary to previous experience. Chain aind Gualandi (1954) report a linear relationship between rate of oxygen absorption and speed of agitation, both in rotary shaken flasks and in propeller agitated fermentors. Cooper, Fernstrom, and Miller (1944) agree with this in principle when they conclude that aeration efficiency was proportional to the power input per unit volume of liquid in stirred fermentors. It is conceivable that some of the peculiarities of my results may be due to the properties of the sulfite system; however, its general validity is not in question, and indeed, has been independently confirmed. Chain and Gualandi (1954) , in 24 pairs of determinations, obtained good correlation between the sulfite and the amperometric method. Using a rotating platinum electrode, they found that the differences were usually within 10 per cent, and that over the experiment as a whole, the differences cancelled out, indicating no appreciable bias.
Mly opinion is that the unexpected independence of aeration rate and rotating speed is due to the difference in the mechanical action of the roller as opposed to other types of aeration systems. My experiments support the theory that aeration in a slowly rolling vessel is a linear functioin of the wet surface area. In a rolling vessel the wetted area is constant within wide ranges of rotational speeds. Below this range, wet area decreases because of drainage between wettings, and above this range wet area increases somewhat because of splashing and the entrainment of bubbles. Rolling aeration rate is speed independent, in other words, because it does not depend on bubble entrainment as the other systems do. An appropriate theory for the speed dependence of aeration rate in shaken flasks and stirred fermentors is that higher speed increases the number of bubbles, decreases the average size of the bubbles, and therefore increases their total area, and that the turbulence delays the escape of bubbles from liquid film (Steel, 1958 ology of frozen foods have been in need of thorough examination. The following studies were made to determine the impact of seasonal, day-to-day, diurnal, and sample-to-sample variations on the total counts to be expected in a prepared frozen food.
The data to be presented are exemplary of certain sampling problems which are frequently encountered in the microbiological enumeration of microorganisms in prepared frozen foods. Obviously, conditions of production will vary between processing plants, between processors, and even within the same plant from year to year as improvements are made. Bacterial counts will be affected by processing technique, yet the general considerations presented here should remain relatively unchanged.
